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Figure1. Ribbon diagram (MOLSCRIPT) of one beta-
galactosidase subunit from the tetramer.  There are 5 distinct
domains formed by a single 1023 residue polypeptide chain.
The domain folds are jelly roll (1), immunoglobulin (2&4),
(alpha/beta)8(3-in black), and supersandwich (5).  Domains 1-4
are common folds occurring in a large variety of proteins.  The
active site is located at one end of domain 3 and includes residues
from domains 1&5 and domain 2 from a neighboring subunit.
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Beta-galactosidase from E. coli   is a large tetrameric enzyme which carries out two reactions on its
disaccharide substrate lactose.  The hydrolysis reaction produces the monosaccharides galactose
and glucose which then function in various metabolic pathways.  The transglycosylation reaction
produces the disaccharide allolactose, which acts to induce the production of more beta-
galactosidase.  In this manner E. coli can both respond to and utilize lactose as a food source.

Previous crystallographic studies to a resolution of 2.5 Å in a P21 crystal form using data collected
at the Photon Factory have shown the beta-galactosidase monomer to be constructed from 5

distinct domains organized around a
central alpha/beta barrel1 (Figure 1).
The active site is shaped
 from residues of 4 of the domains into
a pocket which complements the
relatively small size of lactose.
Structures of inhibitors bound to the
active have suggested a general mode of
action consistent with previous
biochemical studies. However, the
resolution of the complexes (2.6-3.0 Å)
has precluded detailed arguments
concerning the mechanism.

Use of ALS beamline 5.0.2 has now
permitted major progress on the native
enzyme and a series of complexes in a
new P212121 crystal form of beta-
galactosidase. This form diffracts to
higher resolution, allowing the
structural studies to be extended to 1.5
Å.  The x-ray source and fast CCD
detector at beam line 5.0.2 have
permitted short collection times of < 2
hours/data set to 1.5 Å, despite the
relatively large unit cell dimensions of
201 x 168 x 150 Å.

Refinement of the native structure to 1.7
Å in the P212121 crystal form has been
completed.  The model includes 4044
amino acid residues and more than 4200
solvent molecules and has a
crystallographic R-factor of 16.2 %.

Based on liganding patterns, several candidate Mg++ and Na+ binding sites have been identified,
including a Na+ in the active site which was previously modeled as a water molecule.

Data sets have been collected on various complexes in an effort discern the details of the reaction
coordinate.  These include both native and mutant enzymes with inhibitors designed to explore
ground state, transition state, intermediate, and product state binding interactions. The complexes



2-deoxy-galactosyl

Glu 537

address questions concerning the decision to follow
one reaction path over another, the roles of Mg++ and
Na+, and the detailed interactions that provide
transition state stabilization.

Refinement of these complexes is underway.  Figure
2 shows the electron density at 1.7 Å for a 2-deoxy-
galactosyl enzyme complex, a reaction coordinate
intermediate which has been trapped by flash freezing
crystals soaked in galactal.  This structure clearly
shows a covalent connection to the nucleophile Glu
537 and the normal chair conformation of the sugar.
Additionally, noncovalent interactions between the
sugar and the enzyme and the sugar and various
solvent molecules are clear.  It is expected that the
higher resolution of these complexes will allow a
more detailed description of the reaction coordinate
and to answer outstanding questions concerning the
mechanism.
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Figure 2. Electron density (2Fo-Fo, 1.0
sigma) showing the binding of a trapped
reaction coordinate intermediate.   There is
clearly a covalent connection between the
sugar and the nucleophile, Glu 537.  The ring
pucker is evident suggesting the sugar binds
covalently in its relaxed chair conformation.
Additionally, the positions of the ring
substituents can be clearly seen and their
binding interactions to protein and solvent
molecules (not shown) accurately determined.


